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1 Introduction
In last RAN4 meeting, updated simulation assumption [1] for NR SLS was agreed, and following aspects are expected to be evaluated from SLS:

· Number of SS block beams to be detected

· Number of cells to be detected

· Note: A cell is called a detected cell to a UE if one of its beams is detected by that UE.

· Number of SS block beams to be detected for a best RSRP cell

· Number of SS block beams to be detected for a neighbour cell (any other detected cell than best RSRP cell)

· Mobility performance

· Interested companies are encouraged to provide results at 20th percentile, 50th percentile and 90th percentile of CDF for number of cells to be detected and number of beams to be detected
In this contribution, we provide simulation results and observations for the number of detected cells and beams under below and above 6GHz.
2 Discussion
In last RAN4 meeting, RAN4 agreed definition for UE measurement capability [2] with following options:

· Option 1: define capability on number of cells per frequency layer and number of beams per cell
· Option 2: define capability on number of beams per frequency layer
· Option 3: define capability on number of cells per frequency layer and number of beams per frequency layer
Regarding to above options, definition would be as follows:
	Definition of “number of cells per frequency layer”

	· The UE SSB based measurement capability for the number of cells to monitor should be specified as frequency range dependent (e.g. Sub-6GHz, mmWave)

· Sub-6GHz:

· For SSB based intra-frequency measurement with and without measurement gap, UE is required to at least simultaneously monitor [8] identified SSB based intra-frequency cells

· For SSB based inter-frequency measurement, the NR UE shall be capable of performing SSB based measurements of at least [4] cells per frequency layer 

· mmWave:

· For SSB based intra-frequency measurement with and without measurement gap, UE is required to at least simultaneously monitor [x] identified SSB based intra-frequency cells

· For SSB based inter-frequency measurement, the NR UE shall be capable of performing SSB based measurements of at least [y] cells per frequency layer 

· x, y and z are TBD

	Definition of “number of beams per cell”

	· The UE SSB based measurement capability for the number of beams to monitor should be specified as frequency range dependent (e.g. Sub-6GHz, mmWave)

· Sub-6GHz:

· For SSB based intra-frequency measurement with and without measurement gap, UE is required to at least simultaneously monitor [m1] identified SSB based intra-frequency beams per cell 

· For SSB based inter-frequency measurement, the NR UE shall be capable of performing SSB based measurements of at least [n1] identified beams per cell 

· mmWave:

· For SSB based intra-frequency measurement with and without measurement gap, UE is required to simultaneously monitor [m2] identified SSB based intra-frequency beams per cell 

· For SSB based inter-frequency measurement, the NR UE shall be capable of performing SSB based measurements of at least [n2] identified beams per cell 

	Definition of “Number of beams per frequency”

	· The UE SSB based measurement capability for the number of beams to monitor should be specified as frequency range dependent (e.g. Sub-6GHz, mmWave)

· Sub-6GHz:

· For SSB based intra-frequency measurement with and without measurement gap, UE is required to at least simultaneously monitor [k1] identified SSB based intra-frequency beams per frequency layer

· For SSB based inter-frequency measurement, the NR UE shall be capable of performing SSB based measurements of at least [h1] identified SSB based intra-frequency beams per frequency layer

· mmWave:

· For SSB based intra-frequency measurement with and without measurement gap, UE is required to at least simultaneously monitor [k2] identified SSB based intra-frequency beams per frequency layer

· For SSB based inter-frequency measurement, the NR UE shall be capable of performing SSB based measurements of at least [h2] identified SSB based intra-frequency beams per frequency layer


For below 6GHz, the number of monitoring cells was set by [8] and [4] cells per frequency layer for intra- and inter-frequency measurement, respectively. Remaining terms are the number of monitoring cells for above 6GHz, and the number beams for intra- and inter-frequency under below 6GHz and above 6GHz. To define the number of detected beams and cells, we evaluate under following assumptions:
· gNB side

· BS Tx beam (SS block) sweeping by TDM

· Beam directions among cells are random

· 16 Tx beams for above 6GHz and 3 Tx beams for below 6GHz

· UE side

· 4 Rx bemas for Rx beamforming UE

· A beam is considered detected if SINR > -6dB (SINR is after UE Rx beamforming when Rx beamforming is used)
· A cell is considered detected if any beam from the cell is detected.

· Cell edge UE : the UE with SINR in the lowest 5th percentile.

Other detail simulation assumptions are in Annex.
2.1 Above 6GHz (40GHz)
For above 6GHz, we assume that NR UE will consider Rx beamforming as default, so we focus on Rx beamforming case. Figure 1 and Figure 2 show CDF of the number of detected beams and cells for Urban Macro and Indoor scenarios. The number of beams and cells for both scenarios are summarized in Table 1.
Table 1 Summary of detected cells and beams for all serving cell UEs
	Scenarios
	Urban macro
	Indoor hotspot

	
	Beam
	Cell
	Beam
	Cell

	Beamforming Rx antenna
	@ 20%-tile
	6
	1
	48
	4

	
	@ 50%-tile
	18
	2
	60
	6

	
	@ 90%-tile
	56
	7
	82
	8


· Observation 1: For Urban Macro scenario, the number of detected cells at 20 and 50%-tile CDF are less than 2.
· Observation 2: For Indoor hotspot scenario, at least 4 cells and 48 beams are detectable for most cell edge UEs.
Based on observations, although the number of detected cells @ 90%-tile is similar as LTE case under Urban Macro scenario, RAN4 should carefully select the criterion (percentile value of CDF). The 90%-tile criterion of CDF means that only 10% cell edge UE can detect more than 7 cells and other cell edge UEs detect less than 7 cells. Therefore, to define UE measurement capability, RAN4 needs to consider low percentile of CDF to select the number of cells and beams. 
· Proposal 1: RAN4 needs to set low percentile of CDF to define the number of cells and beams.
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Figure 1 The number of detected beams and cells for Urban Macro 30GHz
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Figure 2 The number of detected beams and cells for Indoor 30GHz
2.2 Below 6GHz (4GHz)
For below 6GHz, we assume that NR UE will consider omni-directional Rx as default, so we focus on omni-directional Rx case. Figure 3 and Figure 4 show CDF of the number of detected beams and cells for Urban Macro and Indoor scenarios. The number of beams and cells for both scenarios are summarized in Table 2.

Table 2 Summary of detected cells and beams for all serving cell UEs
	Scenarios
	Urban macro
	Indoor hotspot

	
	Beam
	Cell
	Beam
	Cell

	Beamforming Rx antenna
	@ 20%-tile
	4
	2
	4
	2

	
	@ 50%-tile
	5
	3
	5
	3

	
	@ 90%-tile
	6
	4
	7
	4


· Observation 3: The number of detected cell is 2~4 for both scenario due to poor SINR distribution. 

As mentioned above section, RAN4 already decided the number of monitoring cell for intra- and inter-frequency with [8] and [4] by reusing LTE measurement capability. However, based on observation, 2~3 cells can be detectable. RAN4 needs to discuss how to handle this issue, and we propose
· Proposal 2: To define the number of monitoring beams and cell for below 6GHz, following options can be considered.

· Option 1: 

· The number of monitoring cells : Reuse LTE measurement capability (keep current value)

· The number of monitoring beams : The number of monitoring cells * N  (N ≥ 1)

· Option 2:

· Redefine the number of monitoring beam and cells based on simulation results (will be less than current captured value)
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Figure 3 The number of detected beams and cells for Urban Macro 4GHz
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Figure 4 The number of detected beams and cells for Indoor 4GHz
3 Conclusion 
In this contribution, we provide simulation results for the number of detected cells and beams under below and above 6GHz, and based on simulation results, we observe
Above 6GHz,

· Observation 1: For Urban Macro scenario, the number of detected cells at 20 and 50%-tile CDF are less than 2.
· Observation 2: For Indoor hotspot scenario, at least 4 cells and 48 beams are detectable for most cell edge UEs.

Below 6GHz

· Observation 3: The number of detected cell is 2~4 for both scenario due to poor SINR distribution. 

Based on observations, we propose

· Proposal 1: RAN4 needs to set low percentile of CDF to define the number of cells and beams.
· Proposal 2: To define the number of monitoring beams and cell for below 6GHz, following options can be considered.

· Option 1: 

· The number of monitoring cells : Reuse LTE measurement capability (keep current value)

· The number of monitoring beams : The number of monitoring cells * N  (N ≥ 1)
· Option 2:

· Redefine the number of monitoring beam and cells based on simulation results (will be less than current captured value)

4 Reference
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Appendix
Table 5 System level evaluation assumptions for Indoor hotspot, Dense urban, Rural, and Urban macro (simplified based on Table A.2.1-1 in TR 36.802)
	Parameters
	Indoor hotspot
	Dense urban
	Rural
	Urban macro

	Layout
	Single layer

Indoor floor: (12BSs per 120m x 50m)
Candidate TRP numbers: 3, 6, 12
	Single layer:

Macro layer: Hex. Grid
	Single layer

Macro layer: Hex. Grid


	Single layer
Macro layer: Hex. Grid

	Inter-BS distance 
	20m
	Macro layer: 200m
	1732m for 4GHz and 5km for 700 MHz 
	500m (for 4GHz)

200m (for 30GHz)

	Carrier frequency 
	4GHz, 30GHz
	Macro layer: 4GHz and 30GHz

	4GHz;700MHz
	4 GHz and 30GHz

	Aggregated system 
bandwidth
	4GHz: Up to 200MHz (DL+UL)
30GHz: Up to 1GHz (DL+UL) 
	4GHz: Up to 200MHz (DL+UL) 
30GHz: Up to1GHz (DL+UL)
	4GHz: Up to 200MHz (DL+UL);

700MHz: Up to 20MHz(DL+UL) (Consider larger aggregated system bandwidth if 20MHz 
cannot meet requirement)
	4GHz: Up to 200 MHz (DL+UL)
30GHz: Up to 1GHz (DL+UL)

	Simulation bandwidth
	20MHz per CC below 6GHz and 80 MHz  per CC above 6GHz 
Note: For FDD, simulation BW is split equally between UL and DL
Note: UE TX power scaling will impact final results

	Channel model
Note: other channels are not precluded
	Below 6GHz: ITU InH
Above 6 GHz: 5GCM office 

Note: When 5GCM is found to be applicable to below 6GHz, 5GCM  should be used 
	Below 6GHz: 3D UMa (Macro layer) and 3D UMi (Micro layer)

Above 6GHz: 5GCM UMa (Macro layer) and UMi-Street canyon (Micro layer)

Note: When 5GCM is found to be applicable to below 6GHz, 5GCM  should be used
	ITU Rural
	Below 6GHz: 3D UMa
6 GHz: 5GCM UMa

Note: When 5GCM is found to be applicable to below 6GHz, 5GCM  should be used

	BS Tx power 
	Below 6GHz: 24dBm PA scaled down with simulation BW when system BW is higher than simulation BW. Otherwise, 24dBm

Above 6GHz: 23 dBm PA scaled down with simulation BW when system BW is higher than simulation BW. Otherwise, 23dBm

EIRP should not exceed 58 dBm(*)
	Macro layer:

Below 6GHz: 44 dBm PA scaled down with simulation BW when system BW is higher than simulation BW. Otherwise, 44 dBm
Above 6GHz: 40 dBm PA scaled down with simulation BW when system BW is higher than simulation BW. Otherwise, 40 dBm
	49dBm PA scaled down with simulation BW when system BW is higher than simulation BW. Otherwise, 49dBm


	Below 6GHz: 49dBm PA scaled down with simulation BW when system BW is higher than simulation BW. Otherwise, 49dBm

Above 6GHz: 43dBm PA scaled down with simulation BW when system BW is higher than simulation BW. Otherwise, 43dBm

EIRP should not exceed 78 dBm (*)

	UE Tx power 
	Below 6GHz: 23dBm

30GHz: 23dBm
EIRP should not exceed 43 dBm (*)

	BS antenna configurations
	See Table A.2.1-4.

	BS antenna height 
	3m
	25m for macro cells and 10m for micro cells
	35 m
	25 m

	BS antenna element gain + connector loss
	See Table A.2.1-4

	BS receiver noise figure
	Below 6GHz: 5dB

Above 6GHz: 9dB 

	UE antenna configuration
	See Table A.2.1-4.


	UE antenna height
	Follow TR36.873 

	UE antenna gain
	Follow the modeling of TR36.873

	UE receiver noise figure
	Below 6GHz: 9dB
Above 6GHz: Above 6GHz: 13dB 

	UE distribution
	100% Indoor, 3km/h,
100 users per BS for full buffer traffic
	Uniform/macro TRP (100 users per TRP for full buffer traffic) 

Mix of O2I penetration loss models for higher carrier frequency

-
Option1

-
Low loss model – 80%

-
High-loss model – 20%

-

	50% outdoor vehicles (120km/h) and 50% indoor (3km/h)

100 users per TRP for full buffer traffic

User distribution: Uniform
	20% Outdoor in cars: 30km/h,

80% Indoor in houses: 3km/h

100 users per TRP for full buffer traffic

(100 users per TRP is the baseline with full buffer traffic. 200 users per TRP with full buffer traffic is not precluded.)
Mix of O2I penetration loss models for higher carrier frequency

-
Option1

-
Low loss model – 80%

-
High-loss model – 20%

-
Option2

-
Low loss model – 50%

-
High-loss model – 50%

	(*):
See Appendix in R1-164383 and R1-167533 for the derivation of maximum allowed EIRP. EIRP limit is only used for evaluation purpose in RAN1.

(**):
Step 1 shall be used for the evaluation of spectral efficiency KPIs. Step2 shall be used for the evaluation of the other deployment scenario dependant KPIs.
(***):
Companies are encouraged to investigate the ratio of UEs between the macro and micro cell geographical area depending on options for micro cell dropping (See Figures A.2.1-3 and A.2.1-4 and Table A.2.1-8)
(****):       Companies should indicate the traffic model used in the simulation, if any.


Table 6 Antenna configurations for below and above 6GHz (simplified based on Table A.2.1-4 in TR 36.802)
	
	Below 6GHz (700MHz, 4GHz)
	Above 6GHz (30GHz)

	TXRU mapping
	Per panel, reuse models in TR 36.897
Consider the following a TXRU to antenna elements mapping as examples

4GHz: 1D DFT per vertical dimension per polarization as baseline;

Companies explain the details of TXRU mapping to antenna elements.
	Per panel, reuse models in TR 36.897. 

Consider the following a TXRU to antenna elements mapping as examples

30GHz: 2D DFT based beam per polarization as a baseline;

Companies explain the details of TXRU mapping to antenna elements.

For evaluating multi beam based approaches at 30GHz, consider the following:

- TXRU to antenna mapping weights are adjustable and used to steer the panel beam direction in multi beam based approaches in time domain.

	TXRU mapping weights
	Companies explain the details of TXRU mapping weights.
	See table 4

	Number of BS antenna elements across all panels
	700MHz: Up to 64 Tx /Rx antenna elements 

4GHz: Up to 256 Tx /Rx antenna elements 

Note: Same as TR38.913
	30GHz: Up to 256 Tx /Rx antenna elements 
Note: Same as TR38.913


	Number of UE antenna elements
	700MHz: Up to 4 Tx /Rx antenna elements 

4GHz: Up to 8 Tx /Rx antenna elements 

Note: Same as TR38.913
	30GHz: Up to 32 Tx /Rx antenna elements 

Note: Same as TR38.913

	BS (M,N,P,Mg,Ng)
	4GHz:

Dense urban and Urban macro:

- Baseline: (M,N,P,Mg,Ng) = (8,8,2,1,1).

- Note that for Urban macro, companies are also encouraged optionally to investigate larger panels, e.g. (8,16,2,1,1)

Indoor hotspot:

- Baseline: (M,N,P,Mg,Ng) = (4,4,2,1,1) 
	30GHz:

Dense urban and Urban macro:

- Baseline: (M,N,P,Mg,Ng) = (4,8,2,2,2). 

Indoor hotspot:

- Baseline: (M,N,P,Mg,Ng) = (4,8,2,1,1)

 

	BS (dH,dV,dH,g,dV,g)
	4GHz:

Dense urban and Urban macro:

- Baseline: (dH,dV) = (0.5, 0.8)λ

Indoor hotspot:

- Baseline: (dH,dV) = (0.5, 0.5)λ
	30GHz:

Dense urban and Urban macro:

- Baseline: (dH,dV) = (0.5, 0.5)λ. (dg,H,dg,V) = (4.0, 2.0)λ
Indoor hotspot:

- Baseline: (dH,dV) = (0.5, 0.5)λ


	BS antenna element gain pattern
	According to TR36.873
	See Table A.2.1-6 

	UE antenna element gain pattern
	Omnidirectional
	See Table A.2.1-8

	Others
	TXRUs within a panel can be assumed to be synchronized and phase-calibrated (at least to the same level as in LTE).
It should be possible as one option to assume QCL between ports of two different panels of the same transmission points
Distances (dg,H, dg,V) between panels should be limited. 
NR evaluations consider both cases of phase-calibration and no phase-calibration between panels:

-
Phase offset of non-calibrated panel (either TRP or UE side) is modeled as a uniform distributed random variable between ().

-
Adopt the accumulated phase offset of non-calibrated panel pair in channel coefficients equation (7.21) and (7.26) in TR 38.900.


Table 7 3-Sector BS antenna radiation pattern for above 6GHz (TR 38.802)
	Parameter
	Values

	Antenna element vertical radiation pattern (dB)
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	Antenna element horizontal radiation pattern (dB)
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	Combining method for 3D antenna element pattern (dB)
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	Maximum directional gain of an antenna element GE,max
	8dBi


Table 8 UE antenna radiation pattern model 1(TR 38.802)
	Parameter
	Values

	Antenna element radiation pattern in [image: image9.png]8"
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	Antenna element radiation pattern in [image: image12.png]
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	Combining method for 3D antenna element pattern (dB)
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	Maximum directional gain of an antenna element GE,max
	5dBi
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Table 9 Basestation Beam shaping for SS blocks for 30GHz (baseline)Note1
	Scenario
	Urban Macro
	Indoor hotspot
	Dense Urban

	Antenna configuration (Mg,Ng,M,N,P)
	(1,1,4,8,2)
	(1,1,4,8,2)
	(1,1,4,8,2)

	Number of beams 
	16
	16
	TBD

	Beam directions (θ,φ)
	(102,-60)

(102,-42.86)

(102,-25.71)

(102,-8.57)

(102,8.57)

(102,25.71)

(102,42.86)

(102, 60)

(112,-60)

(112,-42.86)

(112,-25.71)

(112,-8.57)

(112,8.57)

(112,25.71)

(112,42.86)

(112, 60)
	(135,-180)

(165,-180)

(135, -135)

(165,-135)

(135,-90)

(165,-90)

(135, -45)

(165,-45)

(135,0)

(165,0)

(135, 45)

(165, 45)

(135,90)

(165,90)

(135, 135)

(165, 135)
	TBD


Note 1: Basestation beam shaping is provided for simulation alignment. Companies may also simulate with different number of beams and/or beam orientation. In this case, it is encouraged to provide details of the basestation beam pattern which is used.
Table 10 UE RX Beam shaping for SS blocks for 30GHz (option 3)
	Antenna configuration (Mg,Ng,M,N,P)
	(1,2,2,2,2)

	UE panel orientation
	For UE with (Mg, Ng) directional antenna panels.

- Introduce (Ωmg,ng, Θmg,ng) for orientation of the panel (mg, ng), 0≤mg<Mg, 0≤ng<Ng,  where the orientation of the first panel (Ω0,0, Θ0,0) is the same as UE orientation, Ωmg,ng is the array bearing angle and Θmg,ng is the array downtilt angle defined in [TR 36.873].
  - Config 1: (Mg, Ng) = (1, 2); Θmg,ng=90; Ω0,1=Ω0,0+180; (dgH, dgV)=(0,0)

- UE orientation for mobile device (Ω0,0, Θ0,0)=(U(0,360), 90); 

- Each antenna array has shape dH=dV=0.5λ



	Number of beams 
	4

	Beam directions (θ,φ)
	(-45,-45)

(45,-45)

(-45,45)

(45,45)
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